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The  morphometrical  and  morphological  features  of  the infundibulum  and  ampulla  of the
uterine tubes of  adult  cattle  were  studied.  The  materials  used  in  this  study  were  consisted
of  12  pairs  of uterine  tube  of  healthy  cows  at age  of 16–36  months,  collected  from  Assiut
slaughterhouses.  Through  observations  of  the  ovaries,  follicular  and  luteal  phases  of  estrous
cycle of  each  cattle  were  speciﬁed.  Semithin  sections  of ampulla  and infundibulum  at  fol-
licular and  luteal  phases  were  made  and  histochemical  analysis  of the ampulla  by use  of
PAS,  Alcian  Blue,  Sudan  Black  B was  also  done.  In addition,  acid  phosphatase  activity  of  the
ampullar  epithelium  was  demonstrated.  Histological  analysis  of the  epithelium  of  bovine
oviduct  revealed  that it was  consisted  of  non-ciliated  secretory  cells,  two populations  of
ciliated cells  (CC),  basal  cells  and  Peg  cells.  At  the  luteal  phase,  the secretory  cells  pos-
sessed  many  cytoplasmic  protrusions  that  extended  beyond  the  luminal  borders  of the
ciliated cells and  exocytosis  of secretory  materials  was  observed.  While  at the  follicular
phase,  the  ciliated  cells  were predominated.  The  histochemistry  of  the ampullar  epithe-
lium  revealed  increase  in secretions  of neutral,  acidic  mucopolysaccarides  and  lipid from
the secretory  cells at the luteal  phase  with  moderate  acid  phosphatase  activity.  Histomor-
phometric  examinations  of  infundibulum  and  ampulla  indicated  that  the  mean  number
and  height  of  primary  folds  as  well  as  the  thickness  of the  epithelium  were  increased
signiﬁcantly  at  the  follicular  phase.
© 2014  Saudi  Society  of  Microscopes.  Published  by Elsevier  Ltd.  All  rights  reserved.1. Introduction
The oviduct plays an essential role in reproduction, as it
creates  an important microenvironment for the ﬁnal matu-
ration  of male gametes, fertilization and early development
of  embryos [1]. The bovine oviduct could be divided
into infundibulum, ampulla and isthmus. Many studies
have  been done in order to describe the characteristic
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2213-879X/© 2014 Saudi Society of Microscopes. Published by Elsevier Ltd. All rimorphological changes in the oviduct of several domestic
species including cows [2], goats [3], pigs [4] and bitches
[5]  in relation to estrous cycle.
The epithelium lining of uterine tube of mammals is
consisted mainly of ciliated and non-ciliated secretory
cells. These cells show atrophy and hypertrophy accord-
ing  to the endocrine status, and thus the ratio of these cells
may  undergo changes during the estrous cycle [2]. More-
over,  it is known that the oviductal epithelial cells show
marked regional variations in ultrastructural, histochemi-
cal  and physiological features in many mammals [6].
The  ciliated cells aid in transport of both gamete and
embryo [7], while the secretory cells may  be involved in
ghts reserved.
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ecretion of the oviductal ﬂuid that plays an important role
n  many sperm functions and embryo development [6]. The
ecretory  product is mainly produced by ampulla as the
ertilization occurs in it [3].
Not only cattle are important agricultural species but
heir  ovarian follicular dynamics also make them to be an
deal  model for different aspects of human reproduction
8], due to distinct similarities between bovine and human
varian physiology [9]. However, many details about the
orphology and morphometry of oviduct of cattle at the
ritical  estrous phases are still lacking [10,11].
A main topic of this study is to describe the histological,
istochemical and morphometrical changes in uterine tube
f  cattle in Egypt (Bos indicus) at follicular and luteal phases
f  estrous cycle.
.  Materials and methods
.1.  Tissue collection
The  material used in this study consists of 12 pairs of
ovine uterine tubes of healthy adult cows (B. indicus) at
ge  of 16–36 months. The samples were collected within
0  min  after routinely slaughter from Assiut slaughter-
ouses. The stages of estrous cycle were estimated by the
ppearance of ovarian follicles and corpora lutea.
.2. Histological analysis
Specimens  from infundibulum and ampulla were
ashed by physiological saline and immediately ﬁxed in
ouin’s  ﬂuid for 20 h. The ﬁxed materials were dehydrated
n  graded series of alcohols, cleared in methyl benzoate and
mbedded  in parafﬁn wax. The embedding time was not
ore  than 8 h. Serial longitudinal and transverse sections
ere  obtained at 3 m and stained with Harris Haema-
oxylin and Eosin [12]. Van Gieson Resorcin Fuchsin [13]
nd  Goldener’s Trichome stain [14].
.3. Histochemical analysis
Acidic  and neutral mucus were detected by Alcian Blue
tain  (pH 2.5) and PAS stain, respectively [15,16]. Lipid
as  demonstrated by Sudan Black B [17]. Acid phos-
hatase activity of ampullar epithelium was identiﬁed with
omori’  Lead Nitrate [18] at both follicular and luteal
hases of the estrous cycle.
.4. For semithin sections
Small  specimens of infundibulum and ampulla at both
ollicular and luteal phase were ﬁxed in a mixture of 2.5%
araformaldehyde and 2.5% glutaraldehyde in 0.1 M Na-
acodylate buffer, pH 7.3 for 4 h at 4 ◦C. They were washed
n  the same buffer used and then post-ﬁxed in 1% osmic acid
n  0.1 M Na-cacodylate buffer for further 2 h at room tem-
erature. The samples were then dehydrated in ethanol and
mbedded  in Araldite–Epon mixture. Semithin sections
1  m in thickness) were cut and stained with Toluidine
lue.d Ultrastructure 3 (2015) 44–52 45
2.5. Morphometric and statistical analysis
Morphometrical measurements to infundibulum and
ampulla at follicular and luteal phases were performed
by using Image Analysis Tools (IT system). Measurements
included the number of primary mucosal folds/cross sec-
tion  as well as height and thickness of primary mucosal
folds. In addition, height of epithelium and number of
secretory to ciliated cells at follicular and luteal phases
were assessed and all respective data analyzed statisti-
cally and signiﬁcance was  assigned at P < 0.05. Student’s t
test  Graph pad Software was  used to compare differences
between each parameter.
3.  Results
3.1. Infundibulum
The mucosa of the infundibulum was  highly folded with
primary and secondary folds. The primary folds were tall
and  somewhat irregular that gave rise to many secondary
folds and sometimes tertiary folds in some areas (Fig. 1A).
The  mean number of the mucosal folds at the follicular
phase was 52 and that at the luteal phase was  46 (Table 1).
The  epithelium was  of simple columnar type and was
consisted of two main cell types: ciliated and non-ciliated
secretory cells. Two types of ciliated cells (CC) in infundibu-
lum were observed. The ﬁrst type characterized by its large
size  and pale staining cytoplasm with enlarged rounded to
ovoid  nucleus located at the apical third of the cell. These
cells  were provided with few short cilia or even completely
lacking of cilia. The second type was smaller in size, pos-
sessed  long cilia with basal bodies and its nucleus was  more
compressed than the ﬁrst type and centrally located (Fig. 1B
and  C).
At  the luteal phase, the mean number of secretory
to ciliated cells was 57:51 and the secretory cells were
demonstrated by increase of cellular activity by the way of
apical  cytoplasmic projections. Merocrine mode of secre-
tion  was  identiﬁed in many secretory cells that were
characterized by irregular apical surfaces and little released
materials were detected in the lumen (Fig. 1C). Few “Peg
cells”  or “Intercalary cells” were interspersed between the
ciliated  cells of the infundibulum that appeared as rod-like
slender cells with a dark compressed nucleus. These cells
were  more frequently distributed at the basal portion of the
mucosal  folds and possessed no cilia (Fig. 1B and C). At the
follicular  phase, the ciliated cells were more demonstrated
than the secretory ones as the mean number of secretory to
ciliated  cells was 48:56 and these ciliated cells were charac-
terized  by its rectangular shape and centrally oval vesicular
nucleus (Fig. 1D).
In  semithin sections, the exocytosis or eccrine mode
of  secretion was detected in many secretory cells by bro-
ken  surfaces on some secretory cells with irregular apical
cytoplasmic processes and deeper invaginations of plasma
membrane (Fig. 2A and B). While at the follicular phase,
the  ciliated cells were predominated with its clear cilia
and  light colored cytoplasm. The secretory cells possessed
few  secretory granules with no cytoplasmic protrusions
(Fig. 2C).
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Fig. 1. Infundibulum of cattle during follicular and luteal phases stained by H &E. (A) General view of the infundibulum showing highly folded mucosa
with  primary folds (arrow) and secondary ones (arrowhead). (B and C) Infundibular epithelium at luteal phase was consisted of dark ciliated cells with
), secret
se charclear  cilia (white arrowhead), light ciliated cells with few or no cilia (stars
peg  cells (black arrowhead). (D) Infundibular epithelium at follicular pha
secretory  activity. Note presence of light ciliated cells (star).
The cytomorphometric data revealed signiﬁcant
increase in the mean number and length of the primary
mucosal folds at the follicular phase (P < 0.05). There are no
remarkable changes in the mean thickness of primary folds
during  follicular and luteal phases. Signiﬁcant increase in
the  epithelium height at the follicular phase was recorded
(Table 1).
3.2.  AmpullaThe mucosa of ampulla was thrown into numerous
elaborately branched leaf-like folds that formed of pri-
mary,  secondary and tertiary ones (Fig. 3A). These folds
may  be interconnected with one another in a complexory cells with apical secretory protrusions (two stars) and narrow slender
acterized by predominance of ciliated cells (arrowheads) and absence of
manner (Fig. 3B). The mean number of the primary folds
of  the ampulla at the follicular phase was  42, while at
luteal  phase was  36 and thus, the number of the folds
decrease from infundibulum to ampulla (Table 1). The
lamina propria–submucosa was  consisted of loose con-
nective tissue with abundant collagenous ﬁbers (Fig. 3C
and  D). Tunica muscularis was consisted of smooth mus-
cle  bundles with many blood vessels were interspersed
between them. Serosa was  the outer connective tissue layer
(Figs.  3C, D and 4A). The lining epithelium was of simple
columnar type that consisted of two  types of cells: cili-
ated  and non-ciliated secretory ones (Fig. 4B). The ampullar
epithelium during the follicular phase was  signiﬁcantly
higher than that at the luteal phase (Table 1). The secretory
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Table 1
Morphometrical and statistical analysis of the uterine tube at the luteal and follicular phases of estrous cycle.
Data Infundibulum at luteal
phase
Infundibulum  at
follicular  phase
Ampulla at luteal phase Ampulla at follicular
phase
Number of primary
mucosal  fold/cross
section
46  ± 3 52 ± 4* 36 ± 2 42 ± 3*
Length of primary mucosal
fold
1212.01 ± 54.02 1412.09 ± 68.21* 859 ± 40.74 932.12 ± 51.98*
Thickness of the primary
mucosal  folds
96.13  ± 1.7 98.04 ± 2.1ns 142.89 ± 1.26 140.10 ± 1.32ns
Height of epithelium 24.14 ± 2.5 30.71 ± 3.1* 26.42 ± 0.17 28.04 ± 1.0*
Number of secretory to
ciliated  cells/primary
fold
57:51  48:56 42:31 33:45
The values were represented by mean ± SE. (ns) means that the differences were not signiﬁcant.
* Data analyzed statistically and be signiﬁcant at P < 0.05.
Fig. 2. Semithin section of infundibulum at follicular and luteal phase stained by Toluidine blue. (A) Exocytosis of secretory products is evident at the
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wuteal  phase by broken surfaces of secretory cells and invaginations of pla
he  apical third (white arrowheads). (B) High secretory activity of the epi
eyond  the borders of ciliated cells (white arrowhead). (C) Large distribu
ecretory  cells with some apical secretory granules (stars). Lamina propri
ctivity was very clear in the luteal phase, the bulging
pices of the slender secretory cells exhibited constrictions
nd some secretory products were detached from the cell
urfaces.  Nuclei were situated at varying levels within the
ell  and may  be extruded into the lumen (Fig. 4C). The follic-
lar  phase was characterized by predominance of ciliated
ells  with their numerous and prominent cilia (Fig. 4D).
The  secretory cells were predominated in the luteal
hase with various degrees of numerous apical cytoplas-
ic  protrusions as the mean number of secretory to ciliated
ells  was 42:31 (Fig. 5A and Table 1). The nuclei of secre-
ory  cells were observed in the basal position and also
ere  observed in the cytoplasmic protrusions (Fig. 5A).ma (black arrowheads). Notice presence of ciliated cells with nucleus at
 at luteal phase by means of cytoplasmic protrusions (black arrowheads)
ciliated cells (arrowheads) at follicular phase with fewer darkly stained
nsisted of collagenous ﬁbers and many connective tissue cells.
Basal  cells were observed in the basal portion of the
ampullar epithelium and were characterized by rounded
dark  nucleus surrounded by scant and lightly stained
cytoplasm that were similar in appearance to lympho-
cytes (Fig. 5A). Cellular integrity disruption was  markedly
observed in the luteal phase (Fig. 5A). The ampullar epithe-
lium  at the follicular phase was  characterized by an
extensive distribution of ciliated cells as the mean num-
ber  of secretory to ciliated cells was 33:45 (Table 1) and
was  characterized by its prominent cilia that were pro-
truded into the uterine lumen with decrease in the number
of  secretory cells. Two  populations of ciliated cells were
observed in the epithelium of the ampulla: light staining
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Fig. 3. Structure of the wall of the ampulla at follicular and luteal phase stained by Van Geison Resorcin Fuchsin. (A) Cross section of the ampulla at luteal
(arrowh
 and D)
scularis phase  showing highly folded mucosa with large number of leaf-like folds 
some  mucosal folds interconnected in complex manner (arrowhead). (C
ampulla  consisted of mucosa (M), lamina propria–submucosa (S) and mu
and large CC with apical rounded nucleus as well as darker
and  smaller ones with central oval nucleus (Fig. 5B).
In  semithin sections, the secretory cells of the luteal
phase were characterized by their narrow slender shape
with  basal elongated nucleus and more densely stained
cytoplasm than that of the ciliated cells. The shape of
ciliated cells ranged from rectangular to pear shape, the
nucleus  was large ovoid, vesicular and more superﬁcial
than the nuclei of secretory cells (Fig. 5C). Reduction in size
or  even loss of cilia at the luteal phase was observed. Mast
cells  were demonstrated in the lamina propria of ampulla
with  their characteristic purple metachromatic granules by
Toluidine  blue (Fig. 5C). In the follicular phase, the secretory
cells  appeared dark in colure, slender in shape, narrow in
diameter  and possessed apical microvilli. Also the ciliated
cells  were characterized by large number of apical tall cilia
(Fig.  5D).
3.3.  Histochemistry of the ampullar epithelium
Large amount of cidic mucopolysaccaridies were iden-
tiﬁed  in the secretory cells of the ampulla by Alcian Blue
(pH  2.5) at the luteal phase (Fig. 6A) and little amount of
acidic  mucopolysaccarides were identiﬁed in the follicu-
lar  phase (Fig. 6B). The cytoplasm of secretory cells was
granular in nature and characterized by positive reaction to
PAS  at both follicular and luteal phases (Fig. 6C and D). But,ead). (B) Cross section of the ampulla at follicular phase stained showing
 Magniﬁed squares in (A) and (B) respectively showing the wall of the
(Ms). Note distributions of blood vessels (BV) between the muscle layers.
the  reaction increased in the luteal phase as the number
of  secretory cells increased and was abundant paticularly
in  the crypts (Fig. 6C). The lipid droplets were identiﬁed
by Sudan Black B in the apical portion of the ampullar
epithelium at the luteal phase more than those present in
follicular  phase (Fig. 6E and F). Also, moderate acid phos-
phatase activity was  demonstrated during the luteal phase
at  the apical region of the secretory cells by Gomori’s Lead
Nitrate  method and weak activity was  recorded in the fol-
licular  phase (Fig. 6G and H).
The morphometric and statistic data of the ampulla
revealed increase in number of mucosal folds and length
of  the primary folds at follicular phase (P < 0.05). There are
no  remarkable changes in the mean thickness of primary
folds  at follicular and luteal phases. Signiﬁcant increase in
the  epithelium height at the follicular phase was  recorded
(Table 1).
4.  Discussion
Uterine tube is a part of the female genital tract, which
picks up the oocyte and makes a suitable situation for fer-
tilization, directing the ovum to the uterus. The epithelial
structure of the oviduct has a basic role in oocyte nutrition
and  further embryonic development and survival [19]. The
aim  of the present study is to identify the histological, his-
tochemical and morphometrical features of uterine tube of
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Fig. 4. The wall of ampulla by Goldner’s Trichrome. (A) The wall of ampulla was  composed of mucosa (M), submucosa (S), muscularis (Ms) and serosa (Sr).
Note  presence of blood vessels (BV) in submucosa. (B) Mucosa of the ampulla was  consisted of simple columnar epithelium (ep) and lamina propria (LP)
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uteal  phase showing high cellular activity, constrictions of secretory ma
mpulla  by Goldner’s Trichrome at follicular phase revealed absence of se
attle during the follicular and luteal phases. My  results
evealed differences in the histomorphometric structure
f  the different parts of the uterine tube during phases of
he  estrous cycle. These differences probably reﬂect dif-
erent  secretion rates of the ovarian hormones [20]. It is
ell  known that the mammalian oviduct is a target organ
or  the sex steroid hormones, estrogen and progesterone.
hese hormones cause various morphological changes in
viductal  epithelial cells. In particular, estrogen induces
ypertrophy and formation of secretory granules [21].
The  results indicate that the mucosal folds were signif-cantly increased in number and height during follicular
hase and decreased from infundibulum to ampulla. These
ndings  are consistent with some other investigations in
we  [6] and rabbit [22], which may  be conﬁrmed the rolebers and ﬁbroblasts. (C) Epithelium of ampulla by Goldner’s Trichrome at
nd released some of them to the lumen (arrowheads). (D) Epithelium of
 activity and predominance of ciliated cells (arrowheads).
of  infundibulum in receiving and transporting the oocyte
from  ovary to ampulla [23].
This study revealed that the epithelium of cattle (B.
indicus) was  lined by four types of cells: ciliated, non-
ciliated secretory cells, few Peg cells that were non-ciliated
slender cells wedged in between them and basal cells
resembling lymphocytes near the basement membrane.
The number of ciliated cells reached maximum in the
infundibulum and decreased gradually in the ampulla. The
number  of ciliated cells increased in the follicular phase
and  was greater in infundibulum compared to the ampulla,
this  may  be due to action of estrogen that cause active
ciliation of epithelial cells [24]. It seems that the cyclic
changes observed in the present study reﬂect the func-
tion  of the cilia in the infundibulum and ampulla of the
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Fig. 5. Epithelium of ampulla at follicular and luteal phases. (A) Epithelium of ampulla stained by HE at luteal phase showing abundance of secretory
cells  with many apical protrusions (stars) that extended beyond the ciliated ones (arrowheads). Note presence of basal cells (arrows) surrounded by light
cytoplasm.  (B) Epithelium of ampulla stained by HE at follicular phase showing abundance of ciliated cells. Note presence dark ciliated cells with clear cilia
(arrowhead)  and light large ciliated cells (stars). (C) Semithin sections of the epithelium of ampulla stained by Toluidine blue at luteal phase showing broad
nd narr
. (D) Sem
ls (arrowlight  ciliated cells (arrowheads) with reduction and detachment of cilia a
mast  cells (MC) with their metachromatic granules at the lamina propria
follicular  phase showing dark secretory cells (stars) and light ciliated cel
cell  (arrow).
cattle. The action of cilia is thought to be the primary
mechanism for transporting the oocyte rapidly from the
infundibulum to the site of fertilization in the ampulla
[25].
The present study suggests that the secretory product
is  mainly produced by the secretory cells in the ampulla.
Moreover, the mucus content of the oviduct of cattle con-
tains  various mucopolysaccharides, which could be stained
by  PAS and Alcian Blue. In addition, numerous lipid droplets
and  moderate acid phosphatase activity were recorded
in  the ampulla at the luteal phase. I suggest that these
products are capable of retaining, nutrition and protec-
tion  of the spermatozoa until ovulation, and the increase
in  the amount of secretions during the follicular phase
may  provide spermatozoa with motility and fertilization
capacity. Concerning the oviductal secretions, oviductin is
a  glycoprotein secreted by secretory cells around the time
of  ovulation, bind to the zona pellucida of postovulatory fol-
licles  during their transit to oviduct [26]. Oviductal ﬂuid has
several  functions: sperm capacitating, sperm hyperactiva-
tion, fertilization and early preimplantation development
[25]. These ﬁndings provide insight into the difference in
cellular  function.
The  apocrine secretion seemed to be the main way by
which  the secretion of secretory cells was released andow dark secretory cells (stars) without cellular activity. Note presence of
ithin sections of the epithelium of ampulla stained by Toluidine blue at
heads) with prominent tall cilia. Note presence of dark compressed Peg
this  was identiﬁed by apical protrusions of secretory mate-
rials  and their construction and detaching from the cell
surfaces. Exocytosis of secretory products also observed
in  oviduct epithelial cells. Some glycoproteins secreted by
secretory  cells of oviductal epithelium associate with ovu-
lated  ova and developing embryos and may  play important
roles in early embryonic development [27,28]. Immunohis-
tochemical studies on the bovine uterine tube epithelium
are recommended.
Basal cells were demonstrated at this study and also
called reserve or indifferent cells that were described by
[29].  Ozen et al. [22] suggested that the basal cells are
undifferentiated cells that can be transformed to secretory
and  ciliated ones. Cells with similar appearance had been
referred to be leukocytes or lymphocyte-like cells [30]. The
present  study recorded presence of “Peg” or “Intercalary”
cells for the ﬁrst time in the oviduct of cattle (B. indicus).
These cells were ﬁrst demonstrated in oviduct of some farm
animals  by [1] who  described them as depleted secretory
cells and their secretions were consisted of mucoprotein
and mucopolysaccarides. Finally, this detailed histologi-
cal  study of normal bovine oviducts will not only help to
understand clearly the physiology of reproduction but also
will  assist in evaluating the pathological processes in the
oviduct.
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Fig. 6. Histochemical analysis of the ampullar epithelium at follicular and luteal phases. (A) The secretory granules at luteal phase showing strong positive
reaction  to Alcian Blue (arrowhead). (B) The fewer secretory cells at follicular phase showing positive reaction to Alcian Blue (arrows). (C) The secretory
cells  at luteal phase showing strong positive reaction to PAS (arrow). (D) The secretory cells at follicular phase showing moderate positive reaction to PAS
(arrowhead).  (E and F) The lipid droplets (arrowheads) were identiﬁed by Sudan Black B in the apical portion of the ampullar epithelium at both luteal and
follicular  phase respectively. (G) Moderate acid phosphatase activity (arrowheads) was  demonstrated during the luteal phase at the apical region of the
secretory  cells by Gomori’s Lead Nitrate method. (H) Weak activity of acid phosphatase (arrowhead) was recorded in the follicular phase.
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